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Abslracf

‘1’his  paper presents an altcrnat~ve technique
for performing hoard  level  s imulat ions of
designs involving l’rmxssors, “1’his technir[uc
requires only a standard “C” con]J)ilcr  and a few
simulnlion library func t ions  to perform
accurate board  level simulations. ‘1’l]is  method
is c u r r e n t l y  being used  to simulutc Ihc IBhl
17SOA based  GVSC i n t e r - S u b n s s c n ~ b l y  Bus
( 1  S11) and ASICS that  rrre J.)cing dcvclopecl  f o r
the Cassini s p a c e c r a f t . ‘1’his m e 1 h ()(I is
s u p e r i o r  to the conventional processor
modeling tcchnitJues,  which involve the use of
[Jctaile[l harflwarc moclcling or cxtcnsivc
bel]nviora] moclcls.

1. Introduction

When dc,vcloping ASICS that intcrfacc  LO Proccsscm,  a
board lCVC1 simulation is rcqoircxi  10 SIIOVJ that  tlic ASICS
un(icr ticvclopmcnt  wiii function propcriy at lhc systcm
level. ‘1’his  funclionaii(y  is usuaiiy  verified by mc.ans of a
syskm JCVC.J simulation. I“his simulation} shoui(i  involve
ali (Jcviccs that in~c,ract  wi(h the ASICS un(icr  cicvclopmcnt,
Sin~ulat  ions of this complexity arc tra(iil;onall  y long anti
Cunlbcmomc. Scvcrai  complex an(i compuialionaiiy
inlcnsivc  simulation mo[icls  nccxi to bc usc{i.  As an
cxmplc,  syskrn  level simulations involving a Jmccssor
require a mocicl for il along wilt]  it’s associated nlcmory
an(i 1/0 dcviccs.’1 ‘hc processor moricl  is usually 00C of the
most complex nmicls rcquirc(i. Sin!ulations  of the
Jmccssor alone can bc quilt inlcnsivc  an(i lime consuming.
‘1’his paper prcscnls  an altcrmativc.  way of modeling ti)c
pmccssor  an(i associated nlcmory  dcviccs.

‘1’lIc papc.r will starl  by discussing the various tcchoiqucs
avaiiablc  for simulating proc.cssors.  An aimmtivc nmdmri
for n]odc]ing lIIC processor wiil then bc intro(iucc(i.  “J “tlis
mcllmi will bc illuslratc~i  by means of a ,inllJlc  cxampic.
‘J’his  nlc.tllocto]ogy  can bc uscci fc)r modr.lillg arbitrarily

complex processors, and has been used at J}’l. to moclcl  the
JI{M 175(JA bascri GVSC Ih]ginccring F’lighl  Cornpulcr
(EFC) lr~tcr-S~lt~asser]]bly  Bus (ISFI) osc.d on the Cassini
spacecraft,

2. Conventional l’rocessor  Modeling
Tccl]niqucs

Processors can bc rnociclcci  using several different
mctho(is.  I’hc two most common mctho(is  arc listwi
bc]ow. ~’hc Ltlirxi  mclhoct,  lhc processor intc.r[acc  rnodc],
the subject of lhis paper, will be discuscd in detail in an
uJmmliog  scclion.

1). 1 Jarliwarc  rno(icl
2). Hchavioral  nmrtcl  (soflwarc - VI 1[)1,)
3). ‘J’hc,  processor inlmfacc  morki,

2,1 IIardware Modeling ‘J’echinque

‘1’hc lmrdwarc  rnortc.ling  tcchniqac  rnaks  usc of actual
(icvicc hmiwarc  to perform Lhc desired simulation. ‘Jl}is
lcchniquc can v:iry  from buiiciing  lhc systcrn cotircly in
hardware, m using a har’(iwarc  mo(ic.ling  library, simiiar  10
lhc. h4c.ntor  11 M 1,. [ 1 ] Boll] of these n~cdmts  require the
aclual  processor to perform the Sinmlation.  When buiiding
igc syslcm entirely in har(iwarc,  F:I’GAs  atl[i PI Ds can bc
usc(i K) implement ASICS that have not bcco fabricated.
Soflwarc is thcm writlcn and cxccutcxi  to test for proi}cr’
opcra[ioo.

‘1’hc hmiwarc modclin~ 1 ibrary works by taking the
output of the syslcrrn  simulation an(i aJy)lying it to an
actuai  processor. ‘i’hc processor is thco clockc(i,  an(i the.
rcml[ing  samplcxi processor outputs, arc thcm applied as
ioJ)uts  10 tile syslcrn  simulation. ‘J’hc  simulation is then
clockcki, and so on. Although this kchniquc  can bc quite
am] ra[c, it can bc very cxpcnsi  vc in tc.ro IS of rcsou rccs an(i
time.



2.2 IIchnvioral  Modeling ‘1’echinque

~’lm soflwarc  modeling mcdmi  requires the (icvclopnmnl
of a soflwarc  rnocicl which will sirnulalc lhc processor.
I’his can rmgc,  from a high lCVC1 description to a full gate
lCWC1 rnodcl. Soflwarcmodclscrm  bcdcvclopcd  usinga
hardware nmlcling  lallguagc such as V}] D1,, or lhcy can bc
J)rmiucc[i using  a language nalivc  10 (hC sirnula[or.
Soflwarc models arc typically rcquircci  to rno(icl  liw.
l’roccssor  in every rnodc of operation, c.g, instruction
fc.ich, cxcc.utc,  and prcfctching of inshm(ions.  All in[crnai
rc.gislcrs  and intcmctions  may rmxi to bc rnociclcci. Sornc
processors may bc modeled all tbc way (iowa 10 lilt gate
ICVC.J. ‘1’hc software that needs to bc dcvclopcd  for a
software modc,l can bc quite c.x[cmsivc,.  A complicatcci
software rnmicl might take. up a major portion of the
simulators mcrnory space and may slow down the
sinlulation  significantly.

“1 ‘hc [WO soflwarc  tc.chniqacs  just (icscrihcd,  ali moricl the
processor (iown at lcasl  to ti]c rcgis[cr lCVC1.  In ordc.r to
func.lion  propcriy  bolil  of lilt above mclimds  rc.ly on nalivc
cocic. bcirrg  prcsc.ntcd to the promssor rnodcl.

Ikw cxarnplc,  assuming onc is sirmula~ing  an 8086 basc(i
syslcm cm a simulator running on a SUN workstation, onc
woul(i  nccli to prc,scfnl  8086 native code. 10 ti]c processor
within tim simulation. This code would control the
operation of tim processor and thus ti~c verification of ttm
syslcrn design. An 8086 cross cornpilcr lhal runs on the
SUN workstn[  ion is required to pro(iucc  this code, T’hc
8086 ICSL software wouid  bc compiicd arr(i linkc~i on the
SUN workstation.

‘1 ‘he. resulting cxccrrtablc,  irnagc would tllcn bc loadc~i
into tiic sirnulalor.  ‘1’his can bc done, by initializing a
ROM rnodci wiLiI such code and tcliirrg  the procc.ssor IO
begin cxc.culion from the ROM, a very tirnc consun]ing
process. In a(i(iition tiw proccssrrr will hc rcpcatc(iiy
fc.lc.iiing code from memory. An inlcract  ion wilicil  when
silown  to work once in ti]c simulation, need not bc
rcpciil  cd.

Armi]c.r  drawback is ti~al once lhc proccmor fc.tcilcs data
of an unknown value, for wila[cvcr rwrson,  the entire.
simulation is like.iy to bc corrupt~i.  lJsing tiiis  rnclho(i  it
is also har(i to dctcc[  errors whc.n they occur. ‘1’hc rcsul[s
could bc chc.ckc.ci  by han[i, or code for nloniLoring  the
rcsu]ls  ncmis 10 bc writlcn. T’his would just furtilcr
lcnglhcn simulation lime.

3. ]Droccssor  ]nterface Mocieling  ‘1’cci)nique

Our  rno(icl  is hasc(i  on lilt fact that wilcn usins a
simulator to verify a systcm  lCVCI dcsig[l,  the (icsigncr  is
conccmc(i  mainly with tile proper ino;rac[ion  of (I)c
procc,ssor, mcrnory, 1/0 dcviccs, and ASIC/s undm
(ic.vclopmcml, ‘J’his  lccimiqac  moricls  lim i)roccssor  al lhc
in[c.rfacc  Lo tim ou~si(ic  world. A dc.[aiicri prmcssor rnodc,l
is not rcquimi. ‘1’his  tccimi(iuc  rnakcs  usc of only a

stanciarci “C” compiicr and sirnplc  simulation iibr-ary
func.lions to sinlu]aLc  proper processor behavior.

“1’his  mcthcxi  sinlulaLcs  processor bc.havior  by “forcing”
IIIC pins of tile procc.ssor or processor bus in such a way
tilat ~mpcr opcralion  is sin:ulatc(i. T“hc, basic dc,vclo~mlc.nt
flow is shown in l~igurc  1. ‘1’cs[  vectors arc prodacc(i
using a “C” language lest program. Ihc “C” larrguagc ml
program is c.ompilcd,  linkc.d  and cxccutcd on tire
simula[or’s ilost  cornputc.r. Whcrr cxccatc.d,  the. tc.st
program wili pmiucc  a test vector file that is tilcm apidicd
to the sinlulaLor. LJsing sinlulaLor  conlnurnds  these vcclors
manii~ulatc  lilt pins of ti]c processor to sirnulatc  its
opczration  in lhc systcrn. Using a simuiator  syslcrn  call,
the vcclors  can also cilcck  for proper operation. I;or
cxampic. on a mad cycle, the, lest vectors call Lcsl limt proper
(iatrr has bmn mad back. An error rncssagc  can bc printui  if
lim (iata read is not what  is c.xpcctc.(i.  A log of cycles
pcrformc(i  can bc, kept simply by J~rinting  to the
simulator’s list window.

ElEEK3-EEl-@’)
lciglrre  1. ‘1’csl Vector I)cvcloprncnt  IIIow

3.1 Require(i Sin)ulator  Systcm  Nunctions

ln orxicr  to chc.ck for proper simulation rcsuits  il is
rcquirc(i  that [iIc simulator imvc sornc  way for lhc
c.xc.culing  Lcsi vc.ctor program to have access m lhc wduc.
of no(ics  wi[hin the sirnuiator. I’hc Mentor Cirai~hic
Quicksim simulator can do tilis  by means of tim systcm
call “$signal_valuc”  and “$sin~_  tin~c’’[2].  I’hc function
$:igr!al_valuc  is callc.d  with a simuiator  net nam and a
Slldalk)rl lirnc..  ‘J’hc  routine will rCtUrn  Lhc valac  of the
nc,l at [ilc simulation time rcqucstcd.  I’hc systcm  value
$sinl_  lime rcprcsc.n[s  the. current simulrrlion  time.. T’hcsc
functions can bc cmcapsulatc(i  in a simula[or  si)ccific
subrou[inc,  cilcxk-  output which cornparcs a signal to an
cxpcc~c(i  vaiac, and will print an error message if values
compared arc not cquai.  ‘i’hc simulator cornm:ind “write
line” is usc(i to outlmt  to the simulator’s list win(iow.  Ttrc
routine, c.hc.ck output is called witil  the nocic thal is to bc
Cornparcd arid the vaioc Lhal is Cxlrcctcd.

cilc<.k.  ou[lw[(no(ic_  nmc,data.  cxpmtcd)
clmr* Wirlg
unsigtlcli  inl data. cxpmlcci;
(

])rintf(’’assign  val f@ignal-  vaiuc, (’%s’,
$sim- Iinlc))hl’’,notic-  name);

printf(”if ‘(val <> ‘%x’ ti)cnN1’’,(iata-  cxpcctc(i);
prinlf(”  wrilc 1 inc ‘Cornparc Fai] urc’ ‘$sim. time

‘UncximtcA  value’ ‘vai ‘ lixJmlcd ‘
AVOX ‘on signal  %s’M”, daLl_ CXpCCtCd,
n(xic. name);

prirM(’’crKi  if”);



)
l~igare 2. Check Output  Roulinc

3.2 ICxample

As an example, suppose wc want 10 simulate a processor
with a very simp]c  asynchronous bus protocol as
i]lustratccl  in figtrrc  3, 4 and 5, and clcsc.ribcd  as follows.
l;or Ihc purpmc  of this example the Mentor Graphics
Quicksim  simulator is to bc assumcxl.

... ..-. .wrl[c L.YC]C
I). -

2).

:;:
5).
6).

Address and IJata arc pul on to the bus.
I’hc signal AIIVn is asserted.
Wait for slave to asscrl  IM’ACKII.
Ilcasscrl  AIIVn.
Remove Acklrtss  ml Data.
Wail  for IY1’ACKn 10 hc {ic.asscrml.

Read Cycle
1). Adcircss  is pul on to the bus.
2). 7’hc signal AI>Vr~ is asscrk.d,
3). Wait for slave to assert 1)1’ACKr~,
4). Sample Dala lines.
5). I)casscrl  Al )Vn,
6). Remove Arklrcss  and Data.
7). Wait for IYI’ACKn  to bc dc.asscrmd.

Example
Microprocessor

ADVn
IX’ACKn

RIMwRn

---+’
4-------

l~igare 3. lixarnp]c  l’roccssor

~ thold !
y-..

I 1

DATA
ADVn

WRn

DTACKn

l~igare 5. Wrilc.  Cycle

3.2.1 Basic Routines

I’wobasic roulincsnccd tol~cv~ritlcrl,  orlctosillllllalc.  a
r&~(lcyclc  an(ial~otllcr  one, t(~sitl~lllatc  tllc, w'rilccyclc. ‘1’hc.
rcadroulirwi  scallccl  with thcaddrcss oflhcclata  worcitllat
is to bcrc.ad,  and thccxpcctcd  valucof  tlliswod.  Ifttlc
data rcacl is cliffcrcnl  from the cxpcc(cd  value, an crfor
mcssagcis  prinlcd to thcsimrrlator’s  lisl window. “1’hisis
ll:il)cllc(ll  ~ytllcr  otliirlcc  }lcck_otlt~~tltc  lcscril~dal~ovc.  ‘1’hc
rc:i(lr c)lltirlci ssllo~!~rl  in figurc6.

r~x\d(:Kl(ircss,d:\la)
ullsigncd  int addrcss,tlata;
{

prirllr(’’wrilc  lirlc.’  R13AIJ a(ldrcss:%x data
%x’w” ,a(idrcss,(iala.  cxpmtcd);

printf(’’forcc, ADDI-WS S %xk~” ,addrcss);
prin[f(’’forcc I )K1’A %xh’’,a(iclrms);
prirltr(’’run  %dN]’’,l’SET)
])rirllr(’’forcc R] Xl (Nn”);
pril]tf(’’forcc ADVr~ On”);
prinlr(’’brcak lY1’ACKn Oh”);
chink. oLI[l)L]I(IIAq”A,d:iIa_  CXPCLIC41);

prinlr(’’forcc RIhI  Ikl”);
printf’(’’forcc A1)Vn lb”);
prinlr(’’run  9MM’’,’I”}IOI ,D)
])rilltl_(’’forgc.t force ADI~RIiSS  k~”);

)
K’igurc 6, Rcacl Routine

‘J’llc writcroulinc  is callc.cl  wilh thcad(ircssof  lhcdala
worcltll:il ist:)l>ct  vfrillcrl,  all(lit’svaluc.  WhcrlcxccuWl,a
sinlukllc41  wrilc. ()])c.r:ltiorl  is])c.rforll]c[l.  ‘I’tlcwrrilc  rotltirlc
is shown in figurc77.

wri lc.(:i(l(lrc.ss,(l:ll:i)
unsigned inl addrc.ss,ciala;
(-

prilllr(’’wrilc  line’ WRI’1’E address: %x data
9~jxN1’’,ad(lrcss,d:il:t);

printt(’’forcw  AI)IJI<I;SS  %xk)” ,addrcss);
prirlt.r(’’rull  %rikl’’,’I’S}ll’)
prin’.f(’’forcc. AI )Vn oh’’);
prin!f(’’forcc WRn ()\l”);
prinlr(’’brcak I )1’ACKn  oh~”);
ct lc<k. ouIput (I )ATA,data.  cxpccld);
printl_(’’forcc W}<n IM”);



pr’iatf(’’forcc ADVn IM”);
printr( ’’run  %*’’,T’}101 .T))
prin[f(’’forgct force AI)l)RHSS  h]);
printr(’’fmgct  force IJAI’A  k);

)
Vigure  6. Wrilc Routine

3 . 2 . 2  Main l{outinc

Wcr can now use the above routines  to simulalc. (1IC
prwc.cssor  interfacing with the rest of the systcm,
Ins(mc.tion  fc.tchcs can bc sirnulatcci  by reading from ROM
or RAhf memory spaces. ASIC and 1/0 functionality can
bc tcslc.{i  by writing to ASIC or 1/0 cicvicc registers and
rcmiing back the, cxpcctd  results,

As an example., wc can usc the routines j:lst  dcscribcfi,  to
test a 1J1OCA of ASl~ registers that arc imLh rc:iciabic  anti
wrilcablc. WC can wrilc a simple. loop 10 perform this
funclion  as foiimvs.

. . . . .
for (a(i(ir  = S“l’AR’I;  111 ,OCK; a(idr <=

S-l’O1’.  111  .OCK; a(i(ir+ + )
wri(c.(ad(ir~’Al’1  IiRN);
rcad(a&ir~’Al  “1’llRN);

1
J

. . . . .

l~igurr  8. Sinlplc  3’CN I,oop

is porlab]c from systc.m  LO systcrn.  1 r on the other hand,
lhc lcsl  vcclors  were written in a sin} uiator  s~)ccific
]anguagc, the lcsl vcclors  dcvcio~)cd  will have litllc  usc
outsi(ic  the. simuiator. ‘l’his tc.chniquc  frees the usc.r from
(icvc.loping  cxxic native to (I)c targcl processor thus
allowing Ihc usc.r to conccmlralc  on lhc task at hand;
verifying that lhc  proper interaction of the processor,
ASICS and otllcr dc.vices within the syslcni.  Mm simpic
nature, of ihc modciing n~c.lhoci makes cfficicnt  USC. of
sinlulalion  rcsourcc.s.

4. Conclusion

Wc have prcscnlc.ci a simpic,  c]cganl  and incxpcnsivc
lcchniquc for pc.rforming syslc.m  simulations. “1’hc
tccilniquc.  is currently being used with great succcss at JPl.
to ]nodc] Ihc IBM 1750A based GVSC linginccring  Flig,h(
~ompulcr (F,f~~)  lnlcr-Subasscm~biy  Uus (1 S1)) uscli  on the
Gssini  sl):icccrafl. .

[1] Mento r  Ciraphics, }Iardwarc Modcliin~  1.ibr~~
!&Ls-._Miul.ua!, Version 6.0, 1990.

[2] Mentor Grapilics,  Syslc4u_gal!La!!d._Ublau
};llac[ions,  Version 6.0, 1990.

‘1’hc tcsl loop shown above woul(i  wrilc  lhc vaiuc
PA’i”ll iRN to every rcgislcr from STAR’1’.  }11 ,OCK to

6. AcklI()\\]e(i~ltl  c]\t

S’1’01’-  111 ,C)~K. After the wrilc. operation is con]plctc.d,
propc,r  operation is check by reading Ihc register back using I’his  research dc,scribcd in this paper was carried OUI  by

ti)c rca(i rou(inc.  An ongoing io.g of results is kept in the the JCI l’repulsion 1,aboratory,  ~aliforvlia  lns[itutc,  of
‘1’cchno]ogy,

simulator’s list  window. Any errors cncorwlcrcd  (iuring  the un(icr a contract wi th  the  Na~ional
Acronaulic,s and Space, Adminiswation.simulation arc also rccordcd there. l~i~t’rc 9 shows and

example from lhc sinlulator’s  iisl  wincio~.
. . . . .
WK1’J”l i a(idrcss:  78F5 data: 1;343
RIiAtl a(i(ircss:78F5  data:  P3411
WI<I1’I  i ad(it-css: 781~6 (iata: }1’341i
}<1 iAI) a(i(ircss:78F’6  cia(a:  1:341 i

WIW1’11 ad(irc,ss:  781”7  data: }1’341i
}<IIAIJ a(i[ircss:78F7  {iata:  11’3411
Compare Iiaiiurc  lJncxpcctcci  Value: 1341;

Expcdc,d:  I~34Fi !!!

. . . . .

l~igurc  90 I{xampic  Simulator’s 1 ,ist Win(iow

3.3 l)iscussion

‘1 ‘hc bcncfils  of lhc (ic.scribc(i  mclho{i  arc porlabil  ity,
simplicity anti cffic.ic.ncy. I’hc same routine that is
(icvc.loI)cd  to tc,st the ASi~s ami 1/0 ticviccs  in Ihc
simula(c.d  cnvirmlmc,nt  can bc also usc{i I> tc,sl the ASIG
aTId ]/() (icwic.cs in tile, rcai syslcm aftc.;  lhc ASICS  arc
fabricalcxi.  ‘i ‘I]is is ma(ic possib]c  bccausc the. “~” language


